ABSTRACT
Introduction
Preference-based health-related quality of life (HRQoL) instruments, including the EQ-5D [1] , Health Utilities Index [2] and the SF-6D (derived from the SF-36) [3] summarize HRQoL in a single index score and are used in cost-utility analyses with the aim of informing clinical policy and resource allocation in health care [4] . Each preference-based HRQoL instrument typically comprises a health classification system for describing the respondent in terms of a health state (HS), and a utility function that maps each HS to a utility score. The utility function is typically derived from a population-based HS valuation study in which respondents express their preferences for individual HS. These values are then aggregated using statistical modeling techniques to derive the utility function [5, 6] .
A variety of valuation methods have been employed in eliciting HS preferences, with choice-based valuation methods clearly preferred [7] . Standard gamble (SG) and time trade-off (TTO) are two choice-based methods with demonstrated acceptability, reliability, and validity in Western sociocultural contexts [7, 8] . Both SG and TTO have established theoretical underpinnings [9, 10] , with the former being frequently referred to as the "gold standard" because it is directly based on the axioms of expected utility theory [9] although the latter requires the additional assumption that utility in additional healthy time is linear with respect to time [11] . Nevertheless, TTO is preferred by some (though not by others [12] ) for its ease of implementation [9, 10] . Importantly, studies have shown that health utilities elicited by both methods are usually different, with SG typically generating higher scores [13, 14] . Hence, in planning studies to use choice-based preference measures such as SG and TTO in settings in which there has been relatively little experience with these measures, it is important to obtain empiric evidence with regard to validity, feasibility, and acceptability of each of these methods.
Existing studies comparing SG and TTO have largely taken a quantitative approach [7, 13, 15] , with no studies (to the best of our knowledge) having addressed qualitative aspects to better understand individual subject's preferences and behavior when completing these exercises. We therefore conducted such a study in a multiethnic Asian population, in which a diversity of views might be expected. In this study, which is likely to be the first head-to-head comparison of SG and TTO methods in an Asian population, we aimed to assess the validity, feasibility and acceptability of SG and TTO and to evaluate if systematic differences in SG and TTO scores observed in other studies [13, 14] were also observed in this Asian population. We defined 1) acceptability as the degree to which subjects are satisfied with SG and TTO and have no objections to these methods; and 2) feasibility as the extent to which SG or TTO exercise may be done practically and successfully. We then aimed to move beyond descriptive statistics (e.g., completion rate and missing data) to gain an insight into factors influencing individuals' preferences for SG or TTO.
Methods

Subjects and Study Design
In this Institutional Review Board approved study, in-depth interviews were conducted among consenting Chinese, Malay, and Indian Singaporeans with at least 6 years of education in either English or their mothertongue (i.e., Chinese, Malay or Tamil) by interviewers of the same ethnic group. The various mother-tongue versions of the questionnaire were translated from the source English version using a standardized method of forward and back translations by independent native speakers of the target languages. To achieve adequate representation, two male subjects (one speaking English, the other his respective mother tongue) and two female subjects (one speaking English, the other her respective mother tongue) from each age band (20-29, 30-39, 40-49, 50-59, >60) were recruited from the Singaporean general population, giving a minimum of 20 subjects per ethnic group.
Subjects were required to perform several tasks. First, subjects expressed their preferences for three HS using SG and TTO (detailed in the Appendix). The HS were selected to represent varying degrees of impaired health as defined in the EQ-5D MVH protocol [5] : mildly impaired (11122), moderately impaired (23321) and severely impaired (32313), and were administered in randomized order (sequence generated using STATA) [16] . Additionally, the selected HS needed to be plausible. For example, we considered it difficult for subjects to conceive HS 31111, where apart from being confined to bed, there was no impairment on the other dimensions of health. Furthermore, each selected HS needed to have at least a level two impairment for each health dimension to increase data variability. Each HS in the EQ-5D is described by a five-digit code where each digit represents a single-item health dimension (i.e., mobility, self-care, usual activities, pain/discomfort, and anxiety/depression), with value ranging from 1 (no problem) to 3 (severe problem). To ensure comparability of SG and TTO scores, we chose to rate each state on a dead-to-perfect health scale (score range 0-1) in both SG and TTO methods. On such a scale, HS regarded as worse than dead would be assigned negative scores.
Second, subjects evaluated the following aspects of feasibility of SG and TTO on a 10-cm 0 to 10 horizontal visual analog scale (VAS): 1) ease with which they understood the instructions; 2) ease with which they completed the exercise; and 3) amount of concentration needed. Acceptability of SG and TTO were similarly evaluated by asking subjects to rate the degree of offensiveness of each method using another horizontal VAS. In addition, for the TTO, their ease with discussing trading off life years and for SG, ease with thinking in terms of chance, willingness to take health risks and willingness to take financial risks. Higher scores indicate greater ease, less concentration needed, less offensiveness (i.e., greater acceptability) and greater willingness. Subjects were considered risk averse if their risk attitudes for either health or finances were less than 5 points on the VAS and risk loving if risk attitudes were more than 5 points on the VAS. Subjects were also asked to give their views on the following questions, with their answers recorded verbatim: "How can we improve the clarity of SG and TTO instructions?" and "Do you find it offensive to talk about giving up certain number of years of your life? Why? Is it a taboo?" Finally, subjects were asked to specify if they preferred SG or TTO, and to explain their choice. The purpose of asking subjects to evaluate each component of the SG and TTO exercises before asking them to state their preference for SG or TTO was to allow us to gain an insight into the factors that influenced their overall preference for either method.
Statistical Analyses
To assess the validity of SG and TTO, we hypothesized that 1) SG and TTO scores would conform to a ranked order, with lower median scores for worse HS; and 2) more subjects would rate the most severe HS as worse than dead than would rate the least severe HS as worse than dead.
To evaluate whether there were systematic differences between SG and TTO scores, we used BlandAltman plots [17] of the differences in utility scores (given by (TTO -SG)) against the mean utility scores (given by (TTO + SG)/2). Systematic differences would be present if the mean differences in utility scores lay outside the equivalence margins defined by the clinically important difference of 0.05 points in both directions away from zero.
Differences in characteristics and HS ratings among ethnic groups were analyzed using Kruskal-Wallis tests. Due to the small number of subjects, these interethnic comparisons were considered exploratory. Subjects' evaluation of SG and TTO ratings were compared using Wilcoxon signed-rank test. Preference for SG or TTO among subjects who indicated a preference was tested using a one-sample test of proportions.
To evaluate the association between sociodemographic factors and subjects' preference for either SG or TTO, a multiple logistic regression (LOGIT) model was constructed in two steps. Similarly, due to the relatively small number of subjects, we considered the results of the LOGIT model exploratory. First, in the base LOGIT model, we studied the association between ethnicity, age (per 10 years), gender, and standardized years of education (and their interactions, if any) and subjects' preference for either SG or TTO. As our subjects had a minimum of 6 years of education, we used standardized years of education, centered on the mean, in the LOGIT model to avoid the spurious situation of extrapolation to less than 6 years of education. Second, we studied the remaining influence of ethnicity, age (per 10 years), gender and education after adjusting for the influence of other sociocultural factors (including chronic medical conditions, healthcare background [see footnote to Table 1 ], religiosity [self-reported on a 0-10 VAS], ease with discussing trading off life years, ease with thinking in terms of chance, willingness to take health risks and willingness to take financial risks), and creating a separate LOGIT model for each of these sociocultural factors.
Results
Subjects
Of 69 subjects approached, two declined participation because they were busy and four declined after hearing that the survey involved a discussion on death. Of 63 subjects who participated (91% response rate), one 81-year-old Chinese female did not complete the section on evaluation of SG and TTO because she felt tired and was therefore excluded from the analysis. Characteristics of subjects are summarized in Table 1 . Subjects from different ethnic groups were, by design, similar in terms of age and gender distribution. They were also similar in terms of presence of chronic medical conditions, work status, and experience in the health-care sector (health-care background; see footnote to Table 1 ), but with Chinese subjects reporting more years of education and lower religiosity than Malay and Indian subjects.
Validity of SG and TTO (Tables 1 and 2)
Standard gamble and TTO scores for each of the HS are given in Table 1 and conformed to the hypoth- 
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S5 esized ranked order, with scores being highest for the least impaired HS and lowest for the most impaired HS. This pattern was consistent across all ethnic groups. Interestingly, for the moderately impaired HS, ethnic differences in both SG and TTO scores were statistically significant, with Chinese assigning higher SG and TTO scores compared with Malays or Indians.
In addition, as hypothesized, more subjects rated the most severe HS as worse than dead than rated the least severe HS as worse than dead. This was observed for both SG (increasing severity: 8% vs. 39% vs. 59%, Table 2 ) and TTO (8% vs. 45% vs. 62%).
Systematic Differences between SG and TTO Scores
Using Bland-Altman plots (Fig. 1) , we found systematic differences between TTO and SG scores, with most data points falling outside the predefined margins of Ϯ0.05. Mean differences in SG and TTO scores (TTO-SG) varied from -0.15 (least impaired HS) to -1.88 (most impaired). . Both SG and TTO were well accepted (i.e., low offensiveness scores), with TTO somewhat less so than SG. The median (IQR) offensiveness scores were 2.0 (0, 3.0) vs. 2.0 (0, 4.0), respectively, P = 0.045. There were slight differences among ethnic groups in median VAS rating scores for these parameters for both SG and TTO, the magnitude of which did not exceed 2 points on a 10-point VAS, and were not statistically significant.
Subjects' Evaluation (
Ease with Discussing Trading Off Life Years.
Subjects were generally comfortable in discussing trading off life years (median [IQR]: 7.0 [4.5, 8 .0]). The majority of subjects were generally comfortable in discussing death as death was felt to be a natural part of life (n = 39, 63%) or because this was only a survey (n = 10, 16%). Two Chinese subjects (one male and one female) did not think it was taboo to talk about death because they were still young. Three subjects (one Indian male, one Malay male, and one Malay female) felt that discussing trading off life years was offensive because their religious beliefs did not allow them to think of giving up their lives. Another eight subjects (three Chinese, four Malays, and one Indian) also felt it was offensive to discuss trading off lives but did not specify the reasons. 
Ease with Thinking in Terms of
Preference for SG or TTO.
Approximately similar numbers of subjects preferred SG (n = 31, 50%) or TTO (n = 28, 45%, P = 0.70). Three (5%) subjects did not have any preference for SG or TTO and were thus excluded from LOGIT analyses. Subjects who preferred TTO to SG felt that TTO was easier to complete (n = 4) and did not deal with chance (n = 1). They also felt that it was easier in TTO to visualize the duration of each HS as one was on top of the other on the TTO board (n = 1) and easier to make judgments because each HS lasted for only 10 years (n = 1). Among subjects who preferred SG to TTO, nine felt that SG was easier to complete, four said that SG was similar to gambling or it was easy to think in terms of percentages, and one felt SG was more acceptable than TTO. Although ethnic differences in preference for SG or TTO were not statistically significant (P = 0.20, Table 3 ), there was a trend where fewer Malays expressed preference for TTO.
Association of Sociodemographic Factors with Preference for SG or TTO (Table 4)
We studied the association of sociodemographic factors with preference for SG or TTO using an exploratory two-step LOGIT model. In the base LOGIT model with ethnicity, age (per 10 years), gender, and education, age was a significant predictor of preference for TTO over SG, with older subjects having slightly higher odds of preferring TTO over SG (odds ratio, 95% confidence interval: 1.06 [1.01, 1.12], P = 0.017). The association between age (per 10 years) Statistical significance of preference for SG or TTO among subjects who indicated a preference was tested using one-sample test of proportions.
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Discussion
In this study among Chinese, Malay, and Indian Singaporeans of various ages and educational levels, we found that both SG and TTO were valid, feasible, and acceptable for eliciting health preferences in this population. Nevertheless, there were systematic differences in utility scores elicited by both methods. We also evaluated factors influencing individuals' preferences for SG or TTO methods. In multivariable analysis with adjustment for ethnicity, age (per 10 years), gender, and education, older age was only marginally associated with preference for TTO over SG. Hence, our results suggest that both SG and TTO may be used among subjects of genders, various ages, ethnicities, and education levels in population-based HS valuation studies to be conducted in this population. To the best of our knowledge, this is the first such study among Asians, and provides a useful framework for comparison with future studies in other Asian sociocultural contexts. Several aspects of our findings deserve comment. First, consistent with other published studies [18, 19] , we found that agreement between SG and TTO utility scores was generally poor, with SG scores being generally higher than TTO scores. It was interesting that the lack of agreement was consistently evident in the three HS studied (a mild, moderate, and severe state of health). Second, although the feasibility of SG in population-based study had previously been questioned [20] , our results suggest that SG may be as feasible as TTO method in such a setting, given that our subjects preferred SG as much as, if not more than, TTO (except for older subjects who marginally preferred TTO to SG). Third, although subjects rated both SG and TTO instructions as easy to understand, there were 10 subjects who felt TTO instructions could be revised to improve clarity and reduce offensiveness, a finding consistent with the trend (not reaching statistical significance) that more subjects preferred SG. That nine of these subjects were Malay suggested that TTO instructions could be particularly difficult for this ethnic group (although the differences in ratings among ethnic groups were not statistically significant). As there were almost equal numbers of these subjects who completed the English (n = 4) and Malay (n = 5) language versions, the difficulty is unlikely to be due to translation. Fourth, open discussion of death has been thought to be taboo among Asians [21, 22] , with many avoiding this topic because of the perception of bringing "bad luck" on oneself by discussing death, even if it is just speaking the words with the same phoneme as the word for death [23] . Nevertheless, it was interesting and encouraging that our subjects were comfortable with discussing death.
The results of this study have several implications, some of which would have a bearing on future research. First, to date, this is the only published study in Asia that concurrently evaluated both SG and TTO methods for eliciting health preferences. Our results suggest that both methods are valid, feasible, and acceptable and may be used in future clinical trials for Malay ethnicity and education (P = 0.023) was initially found. Nevertheless, on inspecting the plot of predicted odds (after adjusting for age and gender) against education for each ethnic group, we failed to find any meaningful patterns suggesting an interaction between ethnicity and education. Hence, we excluded this interaction term from the model. † Years of education was standardized by centering around the means.The change in one unit of standardized year of education corresponds to 2.7 years of education (i.e., one standard deviation). ‡ Details of subjects with health-care background-Chinese: five pharmacy students, one teaching assistant in the pharmacy department of a university; Malay: one office assistant in the pharmacy department of a university, one cleaner in a health-care institution; Indian: one hospital inpatient care assistant. § Self-reported on a 0 to 10 visual analog scale, where a higher score indicates greater religiosity, greater ease/greater willingness.
direct measurement of health utility scores in this population. Second, the semiquantitative nature of this study provided glimpses of the decision making process of subjects completing such studies, which would be useful in explaining differences in preferences for the same HS. For example, we found that religious beliefs may influence an individual's health preferences in that giving up life years is not an option for some individuals. Given that 7.9% of the Singaporean population are Indians and 13.9% are Malays [24] and that 4.8% of Indian and 10% of Malay subjects in this study felt that discussing trading off life years was offensive for religious reasons, we estimated that up to 1.8% of the Singaporean population may find that discussing trading off life years was offensive because of their religious beliefs. Thus, these individuals are unlikely to say, "I would rather die immediately than be confined to bed," and would thus assign higher preference scores to the HS of being confined to bed than those whose religious beliefs did not inhibit trading quantity for quality of life. Nevertheless, the extent of the influence of religiosity on actual SG and TTO scores remains to be evaluated in future studies. This is because in a local study that measured health preferences for HUI3 HS among Chinese, Malays, and Indians using the SG [25] , there were no ethnic differences in health preferences for these HS. Nevertheless, the study did not include any measures of religiosity. We recognize several limitations of this study. First, the study sample was not drawn at random from the Singapore population, which was not feasible because of cost and logistic issues. We therefore attempted to improve representativeness by specifying criteria to ensure equal gender and ethnic representation with a wide age range. Second, to reduce respondent burden, we asked subjects to evaluate only three HS each for SG and TTO, although the number of HS to be valued in existing valuation protocols typically exceeds three [26, 27] . Hence, generalizability of our findings to HS valuation studies involving more than three HS needs confirmation. Third, we have used simple VASs to measure risk attitudes as no other suitable measures were available for this population at the time of this study. The association (or the lack of it as found in this study) between risk attitudes and preference for SG or TTO methods in this population could thus be further studied when better measures for assessing risk attitudes become available.
In conclusion, this study found both SG and TTO methods to be valid, feasible, and acceptable among Chinese, Malays, and Indians of various sociodemographic backgrounds. The findings are therefore likely to be applicable for population-based HS valuation studies in this multiethnic Asian population. Nevertheless, generalizability of our study findings needs to be confirmed in larger studies surveying subjects who are representative of the population being studied.
